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Abstract
We study the radiative lepton flavor violating li → lj γγ decays in the case that
the lepton flavor violation is induced by the scalar unparticle mediation. We restrict
the scaling dimension du and the scalar unparticle-photon-photon coupling by using the
experimental upper limit of the branching ratio of the decay µ → e γγ. Furthermore,
we predict the BRs of the other radiative decays by using the restrictions we get. We
observe that the measurements of upper limits of BRs of these decays ensure considerable
information for testing the possible signals coming from unparticle physics.
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The radiative decays with two photon output are interesting to analyze since they are rich
due to two different polarizations of photons, namely the parallel and the perpendicular ones.
The measurement of the photon spin polarization provides comprehensive information about
the free parameters existing in the model used. In the present work we study the radiative
lepton decays with two photon output, i.e, li → lj γγ, i 6= j. These processes are driven by a
lepton flavor violating (LFV) mechanism and, in the framework of the SM, the lepton mixing
matrix which arises with non-zero neutrino masses is responsible for this violation. In this
case these decays exist at least in the loop level and their branching ratios (BRs) are highly
suppressed. Here, for the lepton flavor violation, we consider the another mechanism based on
the unparticle physics.
The unparticle stuff is proposed by Georgi [1, 2] and the so called unparticle, which looks
like a number of du massless invisible particles, has non-integer scaling dimension du. The
unparticle stuff is the low energy manifestation of a hypothetical non-trivial scale invariant
ultraviolet sector, having a non-trivial infrared fixed point. The interactions of unparticles with
the SM fields are driven by the effective lagrangian in the low energy level and the corresponding
Lagrangian reads
Leff ∼
η
Λdu+dSM−nU
OSM OU , (1)
where OU is the unparticle operator, the parameter η is related to the energy scale of ultravi-
olet sector, the low energy one and the matching coefficient [1, 2, 3] and n is the space-time
dimension.
The search for unparticle(s) ensures a valuable information about the expected ultraviolet
sector and the scale invariance. The missing energies at various processes which can be measured
at LHC or e+e− colliders, the dipole moments of fundamental particles are among the possible
candidates for searching the effects of unparticle(s). In the literature there is an extensive
phenomenological work done on unparticles [2]-[7]. These studies are about the possible effects
of unparticle stuff on the missing energy of many processes, the anomalous magnetic moments,
the electric dipole moments, D0− D¯0 and B0− B¯0 mixing, lepton flavor violating interactions,
direct CP violation in particle physics, cosmology and astrophysics.
In the present work, we consider that the LF violation is switched on with the scalar
unparticle (U)-lepton-lepton vertex. Furthermore, we expect that U-photon (γ)-photon (γ)
interaction exists and, finally, the radiative li → lj γγ, i 6= j decays appear in the tree level,
with the scalar unparticle mediation. In our calculations, we respect the experimental upper
limit of the BR of the µ→ e γγ decay, BR< 7.2 10−11 90%CL [8] and try to restrict the scaling
1
dimension du and the U− γ − γ coupling. In addition to this, we predict the BRs of the other
radiative decays by using the restrictions we get.
Now, we start by choosing the appropriate operators with the lowest possible dimension
since they have the most powerful effect in the low energy effective theory (see for example [4]).
The effective interaction lagrangian driving the LFV decays reads
L1 =
1
Λdu−1U
(
λSij l¯i lj + λ
P
ij l¯i iγ5 lj
)
OU , (2)
where l is the lepton field, OU is the scalar unparticle (U ) operator and λ
S
ij (λ
P
ij) is the scalar
(pseudoscalar) coupling. On the other hand, the effective Lagrangian which is responsible for
two photon radiation is
L2 =
1
ΛduU
(
λ0 Fµν F
µν + λ′0 F˜µν F
µν
)
OU , (3)
where Fµν is the electromagnetic field tensor and F˜µν =
1
2
ǫµναβ F
αβ. In radiative two photon
decays the outgoing photons are in one of the possible states given by F µν Fµν and F˜µν F
µν and
these states corresponds to the parallel (ǫ1.ǫ2) and perpendicular (ǫ1× ǫ2) spin polarizations of
photons which are regulated by the couplings λ0 and λ
′
0 in the present case. In our calculations
we consider a parameter α such that λ′0 = αλ0.
The tree level li → ljγγ decay (see Fig. 1) is carried by connecting the LFV vertex
1 and
the U− γ − γ vertex2 by the scalar unparticle propagator which is obtained by using the scale
invariance. The two point function of the unparticle reads [2, 5]
∫
d4x eipx < 0|T
(
OU(x)OU(0)
)
0 >= i
Adu
2 π
∫
∞
0
ds
sdu−2
p2 − s + iǫ
= i
Adu
2 sin (duπ)
(−p2 − iǫ)du−2 , (4)
with the factor Adu
Adu =
16 π5/2
(2 π)2du
Γ(du +
1
2
)
Γ(du − 1) Γ(2 du)
. (5)
The function 1
(−p2−iǫ)2−du
in eq. (4) becomes
1
(−p2 − iǫ)2−du
→
e−i du π
(p2)2−du
, (6)
for p2 > 0 and a non-trivial phase appears as a result of non-integral scaling dimension.
1The vertex factor: i
Λdu−1
U
(λS + i γ5 λ
P ).
2The vertex factor: 4 i
Λdu
U
(
λ0 (k1ν k2µ − k1.k2 gµν) + λ
′
0 ǫαβµν k
α
1 k
β
2
)
where k1(2) is the four momentum of
photon with polarization vector ǫ1µ (2 ν).
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Now, we present the decay amplitude for the radiative decay li → ljγγ:
M(li → ljγγ) = ǫ
µ
1 (k1) ǫ
ν
2(k2) l¯j(p
′) Tµν li(p) , (7)
where the structure Tµν reads
Tµν =
−Adu (−q
2)du−2
2 sin (du π) λ
2du−1
U
(
λSij + γ5 λ
P
ij
)
Aµν , (8)
with
Aµν = 4
(
(k1ν k2µ − k1.k2 gµν) λ0 + ǫαβµν k
α
1 k
β
2 λ
′
0
)
. (9)
Finally, the partial decay with dΓ for li → lj γγ decay can be obtained by using the matrix
element square |M |2 as
dΓ =
1
128 π3mli
|M |2 dE1 dEj , (10)
where E1(Ej) is the energy of the photon with polarization four vector ǫ
µ
1 (k1) (the outgoing
lepton). In our numerical calculations we analyze the BRs of the decays under consideration
by using the total decay widths of incoming leptons [8] (see Table I).
Discussion
This section is devoted to analysis of the radiative LFV li → lj γγ decays. Here, we con-
sider that the LF violation is switched on with the U-lepton-lepton coupling, in the framework
of the effective theory. On the other hand, the possible U− γ− γ vertex results in that the de-
cays under consideration exist even in the tree level, with the unparticle mediation. Therefore,
the physical quantities like the BRs of these decays can be informative in the determination of
the free parameters, the scaling dimension of the unparticle, the couplings and the energy scale
in the scenario studied. Here, we choose the scaling dimension du in the range
3 1 < du < 2. For
off diagonal U-lepton-lepton couplings λSij and λ
P
ij
4 we take the numerical values of the order of
10−3 − 10−1 and we predict the U − γ − γ coupling λ0 by restricting the BR(µ → eγγ) to its
current experimental upper limit, by taking the energy scale at the order of ΛU = 10 (TeV ).
This analysis restricts the pair of parameters, the scaling dimension du and the coupling λ0.
Furthermore, we estimate the BRs of the LFV radiative decays τ → eγγ and τ → µγγ, by
using the restriction obtained for the pair du and λ0. Notice that throughout our calculations
we use the input values given in Table (1).
3du > 1 is chosen since one is free from the non-integrable singularity problem in the decay rate [2]. Fur-
thermore, the momentum integrals converge for du < 2 [6]
4In the following we drop the indices i and j.
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Parameter Value
me 0.0005 (GeV)
mµ 0.106 (GeV)
mτ 1.780 (GeV)
ΓTotµ 2.99× 10
−19 (GeV)
ΓTotτ 2.26× 10
−10 (GeV)
Table 1: The values of the input parameters used in the numerical calculations.
In Fig.2, we present the magnitude of the coupling λ0 with respect to du for the fixed
value BR (µ → eγ γ) = 7.2 × 10−11 and the energy scale ΛU = 10 (TeV ). Here the solid-
dashed-small dashed (upper dotted-intermediate dotted-lower dotted) line represents λ0 for
λS = λP = 0.001−0.01−0.1 and α = 1 (α = 0). The coupling λ0, which is sufficient to get the
experimental upper limit of the BR, becomes stronger for the larger values of du. This is due to
the fact that the BR is strongly sensitive to the scaling dimension du and it is suppressed with
its increasing values. For λS = λP = 0.001 the coupling λ0 should be in the range 0.001−1.0 for
the scaling dimension du, 1.1 < du < 1.4. In the case of strong couplings λ
S = λP = 0.01 (0.1)
this range is obtained for larger scaling dimension, du < 1.5 (1.6). Furthermore, it is observed
that the amount of coupling λ0 is weakly sensitive to the parameter α for its values that is less
than one. Fig.3 represents the magnitude of the parameter α2 with respect to du for the fixed
value BR (µ→ eγ γ) = 7.2×10−11 and the energy scale ΛU = 10 (TeV ). Here the solid (dashed,
small dashed) line represents α2 for λS = λP = 0.001 (0.01, 0.1) and λ0 = 0.01. For the selected
numerical value of the coupling λ0, λ0 = 0.01, the parameter α should be greater than one for
λS = λP = 0.001 and 0.01. This is the case that the perpendicular spin polarization exceeds the
parallel spin polarization for two photon system. Furthermore, the scaling parameter du should
be > 1.18 and > 1.27 in order to get a solution. For λS = λP = 0.1, α can be less than one
where the parallel spin polarization exceeds the perpendicular spin polarization for two photon
system. This is the case that du should be > 1.34. These observations are interesting since
the more accurate forthcoming measurement of the BR of the decay under consideration would
ensure valuable information about the possible U − γ − γ coupling and the scaling dimension
du. In addition to this, the precise determination of the photon polarization in the experiments
would be informative in the determination of these parameters.
Fig.4 is devoted to the BRs of the decays τ → eγ γ and τ → µγ γ with respect to du for
λS = λP = 0.01, α = 1 and ΛU = 10 (TeV ). Here the solid (dashed) line represents the BR
for the pair du and λ0 which is obtained by using the restriction BR (µ→ eγ γ) = 7.2× 10
−11
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(10−12). The BRs for both decays almost coincides and they are of the order of 10−13 (10−15)
for the pair λ0 ∼ 1.0-du ∼ 1.5. These numerical values are extremely small, however, there is a
chance to increase them by considering that the off diagonal couplings of scalar U-lepton-lepton
couplings are not flavor blind and sensitive to the lepton flavor.
For completeness, in Fig.5 we plot the BRs of τ → eγ γ and τ → µγ γ decays with respect
to du for λ
S = λP = 0.01, α = 1 in the case that there is no restriction for the pair du
and λ0. Here the solid (dashed, small dashed) line represents the BRs for λ0 = 0.01 and
ΛU = 1.0 (5.0, 10) (TeV ). It is observed that the BRs of both decays are almost coincides
and they are in the range 10−12 − 10−6 (10−15 − 10−8, 10−16 − 10−9) for the energy scale
ΛU = 1.0 (5.0, 10) (TeV ) and the interval 1.1 < du < 1.5.
As a summary, the radiative LFV decays li → ljγγ can exist in the tree level with the help of
the unparticle idea. The measurements of upper limits of BRs of these decays (the more accurate
one for the µ→ eγ γ decay) would be instructive for testing the possible signals coming from the
new physics which drives the flavor violation and they would ensure considerable information
on the restriction of free parameters.
References
[1] H. Georgi, Phys. Rev. Lett. 98, 221601 (2007).
[2] H. Georgi, Phys. Lett. B650, 275 (2007).
[3] R. Zwicky, hep-ph/0707.0677 (2007).
[4] S. L. Chen and X. G. He, hep-ph/0705.3946 (2007).
[5] K. Cheung, W. Y. Keung and T. C. Yuan, Phys. Rev. Lett. 99, 051803 (2007);
[6] Y. Liao, hep-ph/0705.0837 (2007).
[7] M. X. Luo and G. H. Zhu, hep-ph/0704.3532 (2007); M. A. Stephanov, Phys. Rev. Rev.D76,
035008 (2007); K. Cheung, W. Y. Keung and T. C. Yuan, hep-ph/0706.3155 (2007); M.
X. Luo, W. Wu and G. H. Zhu, hep-ph/0708.0671 (2007); C. H. Chen and C. Q. Geng,
hep-ph/0705.0689 (2007); C. H. Chen and C. Q. Geng, Phys. Rev. D76, 036007 (2007);
C. H. Chen and C. Q. Geng, hep-ph/0709.0235 (2007); T. M. Aliev, A. S. Cornell and
N. Gaur, hep-ph/0705.1326 (2007); T. M. Aliev, A. S. Cornell and N. Gaur, JHEP 07,
072 (2007); T.M. Aliev, M. Savci hep-ph/0710.1505 (2007); G. J. Ding and M. L. Yan,
5
hep-ph/0705.0794 (2007); G. J. Ding and M. L. Yan, hep-ph/0706.0325 (2007); X. Q. Li
and Z. T. Wei, Phys. Lett. B651, 380 (2007); X. Q. Li and Z. T. Wei, hep-ph/0707.2285
(2007); Y. Liao, hep-ph/0708.3327 (2007); Y. Liao and J. Y. Liu, hep-ph/0706.1284 (2007);
P. J. Fox, A. Rajaraman and Y. Shirman, hep-ph/0705.3092 (2007); S. Catterall and F.
Sannino, Phys. Rev. D76, 034504 (2007); C. D. Lu, W. Wang and Y. M. Wang, hep-
ph/0705.2909 (2007); N. Greiner, hep-ph/0705.3518 (2007); D. Choudhury, D. K. Ghosh
and Mamta, hep-ph/0705.3637 (2007); H. Davoudiasl, hep-ph/0705.3636 (2007); S. L. Chen,
X. G. He and H. C. Tsai, hep-ph/0707.0187 (2007); P. Mathews and V. Ravindran, hep-
ph/0705.4599 (2007); S. Zhou, hep-ph/0706.0302 (2007); R. Foadi, M. T. Frandsen, T. A.
Ryttov and F. Sannino, hep-ph/0706.1696 (2007); M. Bander, J. L. Feng, A. Rajaraman
and Y. Shirman, hep-ph/0706.2677 (2007); T. G. Rizzo, hep-ph/0706.3025 (2007); H. Gold-
berg and P. Nath, hep-ph/0706.3898 (2007); T. Kikuchi and N. Okada, hep-ph/0707.0893
(2007); R. Mohanta and A. K. Giri, hep-ph/0707.1234 (2007); R. Mohanta and A. K.
Giri, hep-ph/0707.3308 (2007); C. S. Huang and X. H. Wu, hep-ph/0707.1268 (2007); N.
V. Krasnikov, hep-ph/0707.1419 (2007); A. Lenz, hep-ph/0707.1535 (2007); D. Choud-
hury and D. K. Ghosh, hep-ph/0707.2074 (2007); H. Zhang, C. S. Li and Z. Li, hep-
ph/0707.2132 (2007); Y. Nakayama, hep-ph/0707.2451 (2007); N. G. Deshpande, X. G. He
and J. Jiang, hep-ph/0707.2959 (2007); N. G. Deshpande, S. D. H. Hsu and J. Jiang, hep-
ph/0708.2735 (2007); A. Delgado, J. R. Espinosa and M. Quiros, hep-ph/0707.4309 (2007);
M. Neubert, hep-ph/0708.0036 (2007); S. Hannestad, G. Raffelt and Y. Y. Y. Wong, hep-
ph/0708.1404 (2007); P. K. Das, hep-ph/0708.2812 (2007); S. Das, S. Mohanty and K.
Rao, hep-ph/0709.2583 (2007); G. Bhattacharyya, D. Choudhury and D. K. Ghosh, hep-
ph/0708.2835 (2007); D. Majumdar, hep-ph/0708.3485 (2007); A. T. Alan and N. K. Pak,
hep-ph/0708.3802 (2007); A. Freitas and D. Wyler, hep-ph/0708.4339 (2007); I. Gogo-
ladze, N. Okada and Q. Shafi, hep-ph/0708.4405 (2007); T. i. Hur, P. Ko and X. H. Wu,
hep-ph/0709.0629 (2007); L. Anchordoqui and H. Goldberg, hep-ph/0709.0678 (2007); S.
Majhi, hep-ph/0709.1960 (2007); J. McDonald, hep-ph/0709.2350 (2007); M. C. Kumar, P.
Mathews, V. Ravindran and A. Tripathi, hep-ph/0709.2478 (2007); K. M. Cheung, W. Y.
Keung, T. C. Yuan, hep-ph/0710.2230 (2007); A. Kobakhidze, hep-ph/0709.3782 (2007);
G. J. Ding and M. L. Yan, hep-ph/0709.3435 (2007); A.B. Balantekin , K.O. Ozansoy, hep-
ph/0710.0028 (2007); E. O. lltan, hep-ph/0710.2677 (2007); S. L. Chen, X. G. He, X. Q.
Li, H. C. Tsai, Z. T. Wei, hep-ph/0710.3663 (2007); I. Lewis hep-ph/0710.4147 (2007); A.
T. Alan and N. K. Pak, hep-ph/0710.4239 (2007); G.L. Alberghi, A.Y. Kamenshchik, A.
6
Tronconi, G.P. Vacca, G. Venturi, hep-th/0710.4275 (2007); R. Zwicky, hep-ph/0710.4430
(2007); S.L. C., X. G. He, X. P. Hu, Y. Liao, hep-ph/0710.5129 (2007); O. Cakir, K.O.
Ozansoy, hep-ph/0710.5773 (2007); T. Kikuchi, N. Okada, hep-ph/0711.1506 (2007); E. O.
lltan, hep-ph/0711.2744 (2007); A. T. Alan, hep-ph/0711.3272 (2007); K. Cheung, C. S. Li,
T.C. Yuan, hep-ph/0711.3361 (2007); R. Mohanta, A.K. Giri, hep-ph/0711.3516 (2007); K.
Huitu, S. K. Rai, hep-ph/0711.4754 (2007); B. Holdom, hep-ph/0712.2379 (2007); O. Cakir,
K.O. Ozansoy, hep-ph/0712.3814 (2007); Y. W., D. X. Zhang, hep-ph/0712.3923 (2007).
[8] W.M. Yao et al., J. Phys. G33, 1 (2006)
7
Figure 1: Tree level diagram contribute to li → ljγγ decay with scalar unparticle mediator.
Solid line represents the lepton field, wavy line the photon field, double dashed line the scalar
unparticle field.
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Figure 2: λ0 with respect to du for the fixed value BR (µ → eγ γ) = 7.2 × 10
−11 and the
energy scale ΛU = 10 (TeV ). Here the solid-dashed-small dashed (upper dotted-intermediate
dotted-lower dotted) line represents λ0 for λ
S = λP = 0.001− 0.01− 0.1 and α = 1 (α = 0).
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Figure 3: α2 with respect to du for the fixed value BR (µ → eγ γ) = 7.2 × 10
−11 and the
energy scale ΛU = 10 (TeV ). Here the solid (dashed, small dashed) line represents α
2 for
λS = λP = 0.001 (0.01, 0.1) and λ0 = 0.01.
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Figure 4: BR(τ → e(µ)γ γ) with respect to du for λ
S = λP = 0.01, α = 1 and ΛU = 10 (TeV ).
Here the solid (dashed) line represents the BR for the pair du and λ0 which is obtained by using
the restriction BR (µ→ eγ γ) = 7.2× 10−11 (10−12).
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Figure 5: The BR (τ → e(µ)γ γ) with respect to du for λ
S = λP = 0.01, α = 1. Here the solid
(dashed, small dashed) line represents the BR for λ0 = 0.01 and ΛU = 1.0 (5.0, 10) (TeV ).
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